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Experiences with DSS

Different ways to approach the problem
Planning examples — TVA, CRSS

Operations example — Panama Canal

State-of-the-art has shifted from only
planning systems to include real-time
operations too

DSSs must be adaptable and robust

Riverside Technology, inc.
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Data Issues

Historical vs. Real-Time vs. Forecast Data
Data quality control issues
Scaling issues In space and time

Need for archiving



Modeling Issues

Availability of applicable models
Data storage requirements
Data formatting

Output requirements

Planning vs. Operations



Model Types

Planning Model
Uses historical inputs to the system
Attempts to simulate current conditions of the physical system
Allows for “what if” scenarios
Provides tools for assessment of scenarios

Operations Model
Uses real-time or forecast inputs of precipitation and temperature
Reproduces most recent physical system states and forecasts
Allows for “what if” scenarios
Provides tools for assessment of scenarios



Planning Model Example -TVA

Watershed
Power Service Area

Outside Service Area




Tennessee Valley Authority

TVA is responsible for operation and maintenance of 49 dams

Tributary - Multipurpose Main River - Multipurpose
Hiwassee Guntersville

Tributary - Nonpower
Apalachia Little Bear Creek




Tennessee Valley Authority
Reservoir Operations Study

1. Determine if revised reservoir system
operating policies could create greater
overall public value

2. Consider public input
3. Quantify trade-offs
4. Don’t increase flood risk




Tennessee Valley Authority
Flood Risk Study
Reservoir Schematic
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Typical Guide Curve
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TVA Data

Use USGS streamflow data for 99-year period
6-hour time step

Required extensive data filling and

disaggregation in time

Data stored in ASCII flat-files



TVA Modeling

RiverWare™ from U. of Colorado

Modeled 36 of the most important reservoirs
Segmentation in space and time

DMIs to control simulation runs

Calibrated to historical operations 1990-2003



TVA Modeling (cont)

Development of rule sets for current

operations
Make modifications to rules for scenarios

Graphical products for comparison of results



Peak Elevation in Feet

Comparison of Results
Frequency Plots

Simulated Annual Elevation Frequency: 1903-2001
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Peak Elevation in Feet

Comparison of Results
Scaled Design Storms

Peak Elevations — Hypothetical Design Storms — Scaling Factor 1.50
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TVA System Results

Revised operating policies that provide:
Lower cost of transportation
Increased reliablility of power
Increased recreational opportunities
Enhanced wildlife habitat

Improved water quality

...without increasing flood risk



Colorado River Basin

Approx. 20,000
water rights
managed on Prior
Appropriation
System

Management subject
to interstate and
International
compacts

Colorado’s Decision Support System

Headwater in
Colorado



Planning Models - View/Analyze Data

Data V|eWS - ;'__1 St ions  Export Graph  Preferences  Help

Query Results

BEAR RIVER

TSTool for - T
analysis

I

09236000 BEAE. RIVEER NEi Streamflow Monthly Total

StateMod/GU| Bzsmse_seie roms i sereantion nonchiy _Towar o2
—_—
an d uti I iti eS (® Final Time Series List (2 in list, lastfile: Mone):

Share data




Eggﬁtructure Query ;|g|5|
Gller Options: Limit Giuery to Structure Typels): Gllery Sort Options:
DiwDist | Division 3: Rio Grande =] [ Dam (exempty [ Min Flow Prim. Sort  |Structure D 7|
where: |Decreed Amount- any units ~| [ Dam (urisdict) [ Reseroir Sec. Sort  |Structure Mame x|
ls: | 500 [v" Headgate [ wiell fwirights) GetData |

19 records availahle, 19 displayed. Query Time: 3.93 sec

L | I | Structure Name | FM TS PBHNG SEC 0Ql&0 040 DllII| Water Source |Strea.m

Ed4 E37 EASTDALE 1 CHNL C 1M 73w 1% ME NE NI COSTILLA

Z0 cZ3 EMPIERE CHL MNZ3M BSE 33 SE NI ERIO GRANDE RIVER

Z0 £33l FAPMERS: TUNION CNL N40M cE 36 5w NE S5W RIO GRANDE RIVEER

i § T30 USFS QPZTC NZcH cE g 5T ALAMOSA RIVER

£l T3E UEFE QPTG MNZeM 4E £ T ALAMOSR BRIVER

E0 21F BIO GRANL:E CHNL N40OM &E =0 T RIO GRANDE BRIVER

E0 2% ZAN LUIS VALLEY CHNL MZ3M £EE 36 5T ERIO GRANDE BRIVER

EE 2E4 USFE QPZ:H MZEN &E =0 LO% PINOE® RIVEER

ZEZ 932 USFS QPzZ2H MNZEHN 4E 36 &. FE/CONEJOS RIVER

ZEZ S40 TUSFS QPz3H MNZEN 4E = CONEJOS RIVER

ZEZ S48 USFS QPzZ3UT MZEM LtE 3Z6 CONEJOS RIVER

EE S48 UEFE QPZ 2T MZZN TE ZZ CONEJOS RIVER

E0 1570 RGIICD RECHARGE PROJECT TAILWATER & TIABTEIATER

E0 1575 RGIMIA RECHARGE PROJECT BEI0 GREALANDE RIVEER
le7e CLOSED BASIN PROJECT UNCONF CLOSED EBASIN

Display Wiew: =]

F'rintl E}{pl:lrtl Clnsel Helpl

Structure quer completed.




EST1sT001 ] |

File Edit Run TS Commands Control Commands “ieww  Tools  Preferences  Help

Cluerny Dptions: Cluery Results (9 records returned): Select All

-

Input Type: IH'!."IjI’EIEIEISE Io | Name | Source| Data

_ 0Sz2E250  ALAMOSA UECE QME
Data Type: |5treamﬂnw ALAMOSA DIVER QME
Time Step: |h.1.;.mh N2z2Ez50  ALAMOSA DRIWED
0Zz3E5700  ALAMOSA DRIVED
Data Type Modifier: | Total 02236500  ALAMOSA RIVER
. . 09013000 ALVA E ADAMS -
where: | Station Name 09364500  ANIMAS RIVER J
|=: fou 394432108632 ARGOD TIUTMNEL A

Get Time Series List “ | | »

TS Comimands (Fress "Get Time Series Data" to read TS, 0 selected); Clear Command(s)

#08235350 - ALAMOSA RIVER ABOVE JASPER, ©0

02235350 USG5 OME Month~HydroBase

#F08236000- ALAMOSA RIVER ABOVE TERRACE RESERVOIR, O
03236000.0MYE.QME. Month~HydroBase

Get Time Series Data | TS for output (O TS, RKNORME READ, use "Get Time Series Diata™):

| Status: Cluery complete. 9 records returned.




E%%Tin‘le Sseries - Graph Yiew
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E%Time Series - Graph Yiew
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File “iews Data Toolz Preferencez  Help

py StateV¥iew

i

parcels

diva_irr

lakesda.sh

riversda.sh

i

div3d_ diversions_Z000

div3_wells_2000-0°

—

|E|:u:|m - | Save As:

| X AT TER13063 411588837521

Frint | Zoom Out | Mode:

| Structure Query.



StateMod Planning Model

Network model
Monthly or daily time step

Demands for diversions, instream flow,
reservoirs, wells

Operational rights used to model
relationships between structures

Allocation based on water rights

Database utilities automate the creation of
model files



Estimation of CU from Irrigated
Acreage

tructure Query

Query Options:

Diw/Dist: | Division 1: South Platte

Where: [Structure Mame
Is: | *SMITH*

34 records available, 34 displayed. Que [ A f i Fil | ik n

File Edit “iew Theme Toolz Help

Time Series
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Water Administration using CWRAT

Water Administration

Data from water commissioner
using CWRAT




CWRAT - Calls

Call Chronology

11:47

returned)

END DATE | WATEL . STREUCTURE NAME
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Administration - Water
Information Sheets

b Water Information Sheet: District 51 =] E3

M O re th a n Administrative data for: 1989-04-26 16:47 Set Date
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CDSS Web Interface

/2 HydroB Web | f - Wi ft Internet E xplorer

Frint

N COLORADO'S

¥ Decision Support Systems

Overview View Data

1= x]

Product
distribution

Tabular data
qguery
Graphical data
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Data sharing
Documentation



Forecast Model Example - Panama

e Y-
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Riverside Technology, inc.



Panama Canal - Data

Real-time inputs of precipitation,

streamflow, and reservoir levels

Data collected 15-minutes to hourly

Precipitation forecasts for next 12 to 24

hours



Panama Canal - Modeling

NWS River Forecast System

Sacramento Soll Moisture Accounting Model
Joint Reservoir Operations Model

1-hour time step - areal averaged
precipitation

User can modify inputs in real-time



Short-term Forecasting - Flow
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Short-term Forecasting —
Reservoir Operations
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Long-Term Forecasting - ESP
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Long-Term Forecasting - ESP

ESF Frobakility Interval Flot ‘DMOIMES F. JACKSOMN? Conditional Simnulation
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Long-Term Forecasting - ESP
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ESP Issues

Historical climate may not be representative of
future events

Short-term climate forecast skill is improving and

should be accounted for

Verification



Private Data Sources
Earth Satellite Corporation Utility Forecasts

m Western Utilicast - Page Two

T | Thursday gy Y IS FORECSTER
Western Utlllcast - Page One DAY IR DATE TIME FORECASTER
CURRENT D AT A M
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NORTHWEST
1-5 Day: 1/06 - 1/10
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Continuously Monitoring the Earth's Resources




Inflows to the Dalles Dam
Standard ESP Forecasts

¥4 ESPADP - TDAO3.TDAO3HNAT.SQIN.06

File ‘Wiew ‘earlleights Y-axis

PlotType Export Display

Chances of Exceeding River Levels on the TRACE YEAR 1348
Latitude; 0.0 Longitude: 0.0
Forecast for the period 5272005 - 1041,/2005
This is a canditional simulation based on the current conditions as of 57202005

7oI6E565.0
B7A31712.0
B0434856.0
53058000.0
456211400

Volume  —o184284.0

WEFT) appazaza
233105700
155737130

3436856.0

939999.0
99% 95% 95%  90% 0% FO BOW SO 40% 30%  20% 0% 5% 2% 1

FREQUENCY SETTINGS — Exceedance Prabability Levels (descending)
. — Probabhility Dist—
__ Exceedance Probahility w Default > kanual
Interval Begin Date ~ Empirical

i . 1: 1 2: |} 3| 4: 1
Analysis Start Date:  5-2-2005 « Normal {0.300 0.750 0.500 {0.250

i pilils 24 + Log Mormal B |} 7| & | a |

Analysis End Date:  10-1-2005 A Wakehy

— Flood Levels (ascending)

~ Weibull S - | - B
1| ﬂ + Default arual 1:|£953.0 20| £999.0

F‘!pplgl zcumulation Settind

Riverside Technology, inc.



Inflows to the Dalles Dam
ESP Conditioned on CPC Climate Forecasts

-1 ESPADP - TDAO3.TDAO3NAT.SQIN.06

File VWiew Yearbleights Y-axis

PlotType Export Display

Chances of Exceeding River Levels on the TRACE YEAR 1343
Latitude: 0.0 Longitude: 0.0
Forecast for the period S52/2005 - 1041 /2005
This is a conditional simulation based on the current conditions as of 5/2/2005

75368563 .0
E79317120
BO0454356 .0
530560000
456211400

Violume 381842840

AEFTY Suraraza0
233105700
15873713.0

3436856 .0

958994 0
99% 98% 95%  90% B0 V0% BO% SO 400 30%  20% 10% 5%

FREQUEHCY SETTIHGS — Exceadance Probability Levels (descending)
. — Probabhility Dist—
__ Exceedance Probahility + Default <> hManual
Interval Begin Date ~ Empirical

0 . 101 2 i 30| 4: 17
Analysis Start Date:  5-2-2003 « Maormal {0.300 D730 0.500 0.230

i 2005 24 + Log Mormal B | K g | 9: 1%

analysis End Date:  10-1-2005 A Wakeby

— Flood Levels {ascending)

~ Weibull P e e
ﬁl ZI ~ Default kanual 1:1:8585.0 0 20| :9840

F‘ipplgl cumulation Settind

Riverside Technology, inc.



Inflows to the Dalles Dam
ESP Conditioned on EarthSat Climate Forecasts

X4 ESPADP - TDAO3. TDAO3INAT.SQIN.06

File ‘iew Yearlleights ‘Y-axis

PlotType Export Display |

Chances of Exceeding River Levels on the TRACE YEAR 1949
Latitude: 0.0 Longituce: 0.0
Faorecast for the period 54202005 - 10412005
This is a conditional simulation based on the current conditions as of 57272003

7536E568.0)
&
G7A31712.0) Y 1
£0434558.0)
53058000.0)
45621140.0)

Volgme S0 19425840

WEFT) 5747428 1

23310570.0)
15873713.0)

84368560

499355 .0
9% 98% 95%  A0% B0% FO% B0 SO%L 40% 30% 20% 1% 5%

FREQUENCY SETTINGS — Exceadance Prabability Levels (descending)
- — Probability Dist—
__ Exceedance Probability « Default  “* hanual

Interval Begin Date ~ Empirical

i . 1: | 2|} 3| 4: 1%
£nalysis Start Date:  5-2-2005 - Mormal {0.300 0.730 500 0.250

:1 :2005 R ngg Mormal B , T U g: .. 9

analysis End Date:  10-1-2005 & Wakehy

— Flood Levels (ascending)

~ Weibull ~ - . - .
il LI ~ Default hdanual 1:1:999.0  2:|+999.0

prlgl scumulation Settind

Riverside Technology, inc.



Had Enough?

Www.riverside.com



